Abstract. We analyzed the presently available experimental data on nucleon electromagnetic form factors within a multipole model based on dispersion relations. A good fit of the data is achieved by considering the coefficients of the multipole expansions as logarithmic functions of the momentum transfer squared. The superconvergence relations, applied to this coefficients, makes the model agree with unitary constraints and pQCD asymptotics for the Dirac and Pauli form factors. The soft photon emission is proposed as a mechanism responsible for the difference between the Rosenbluth, polarization and beam-target-asymmetry data. It is shown, that the experimentally measured cross sections depend not only on the Dirac and Pauli form factors, but also on the average number of the photons emitted. For proton this number is shown to be different for different types of experimental measurements and then estimated phenomenologically. For neutron the same mechanism predicts, that the data form different types of experiments must coincide with high accuracy. A joint fit of all the experimental data reproduce the Q 2 −dependence with the accuracy χ 2 /dof = 0.86. Predictions of the model, that 1) the ratios of the proton form factors GE/GM are different for Rosenbluth, polarization and beam-target-asymmetry experiments and 2) similar ratios are nearly the same for neutron, can be used for experimental verification of the model. PACS. 25.30.Bf Elastic electron scattering -13.40.Gp Electromagnetic form factors
Introduction
The nucleon elastic form factors are of fundamental importance for understanding the electromagnetic structure of the nucleon. Until recently they only have been measured through Rosenbluth technique in experiments on non-polarized elastic electron-nucleon scattering. This method gives non-interfering electric G Ep , G En and magnetic G Mp , G Mn form factors for proton and neutron, respectively.
Recent progress in experimental technique made it possible to use polarized beams and/or polarized targets, which brings two new methods [1] , polarization transfer and beam-target asymmetry, to determine the ratio of the electric to magnetic form factors.
New experimental data, recently obtained by these methods, show an excellent agreement with the old Rosenbluth data at low momentum transfer, Q come from the Rosenbluth and polarization transfer techniques and are shown in Fig. 3 . The ratio of the neutron form factors, as it is determined from polarization data is shown in Fig. 4 . Fit of these data within the framework of the model, proposed in this paper, is shown by solid lines. The references on the original experiments are summarized in Tables 1,2 (see page 11 , also [2, 3] for earlier compilations).
In Figs. 1, 2, 3 we use logarithmic scale for Q 2 . This way one could easily notice, that (i) in the whole experimentally investigated Q 2 region the global Q 2 −evolution of the form factors G Mp , calculated from Rosenbluth data is approximately constant. This is illustrated in Fig.2 , which also includes data form beam-target asymmetry experiments. Thus, recoil polarization measurements contradict the Rosenbluth measurements and there is a dramatic problem to make them agree with each other [4] . Phenomenological fit of the form factors without discussing their physical nature is available in Refs. [5, 6, 7] . Theoretically the form factors are investigated within different models (their classification, short review and references see in [8] [Section V]).
1. In low Q 2 region a good description of the data is provided in the constituent quark models, including cloudy bag and diquark models. These models rely on the spectroscopic data to fix their free parameters and then provide predictions for the nucleon form factors (see [8] for a short review).
2. In high Q 2 region (Q 2 > 20−30 GeV 2 for form factor problem) perturbative QCD gains its power, which makes it possible to calculate the pQCD asymptotics for F 1n,p [9, 10] and F 2p,n [11, 12] from pure theoretical considerations.
3. An attempt to extend these calculations to a lower-Q 2 region was recently made by Guidal et. al [13] in a model, based on nonperturbative generalised parton dis- tributions. This model contains free parameters, which are adjusted to fit the data on the form factors. 4. The models at the nucleon-meson level by construction intend to describe the data in both low-and high-Q 2 regions. Complying with the low-Q 2 and pQCD asymptotics of the form factors must be inevitable feature of such models. In vector meson dominance models [14, 15, 16, 17, 18] the photon couples to the nucleon via vector mesons; to date four different vector mesons are used in such models;
5. In a model of Mainz-Bonn-Julich group [19, 20, 21] , based on the dispersion-theoretical analysis, some poles of the multipole expansions are also related to the vector meson masses. In addition the effect of many-meson exchange is taken into account. In this approach at least three isovector and three isoscalar mesons must be considered in order to fit all the data. Different approaches to the physical nature of the form factors are complementary, supporting the idea of quarkhadron duality. It is known nowadays, that the effective theory of hadronic fields can be derived from QCD. This advances the idea of a univocal correspondence between the quark and nucleon-meson models of the form factors. At present, however, such correspondence can hardly be traced, because the calculations in nonperturbative QCD are too complicated as well as the final form of the nucleon-meson phenomenology is not yet established.
In this situation we base our model on two the most reliable general consequences of the field theory. They are: (i) the multipole structure of the form factors, which is predicted by the dispersion relations [22, 23] ; (ii) the asymptotical behavior of the Dirac and Pauli form factors, calculated in perturbative QCD [9, 10, 11, 12] .
In Section 2 we introduce our formalism and establish the full set of superconvergence relations imposed on the coefficients of the multipole expansions in order to adjust the multipole form factors with the QCD asymptotics and unitarity constraints. As we have already mentioned, a similar approach was first used in the dispersiontheoretical analysis of the nucleon form factors developed by Mainz-Bonn-Julich group [19, 20, 21] since 1996. We keep the same lines, but use improved logarithmic dependences of the multipole coefficients. Instead of one universal logarithmic function for the pole contributions and two more for the two-pion continuum in the Mainz-BonnJulich model, we introduce four functions with leading and subleading logarithms, which are motivated by the modern pQCD asymptotics. This approach allows us to make all the poles correspond to the masses of the physical mesons in the PDG tables, as well as to achieve a better fit of the data.
Another purpose of the paper is to resolve the above described discrepancy in the proton form factors and propose a way to reconcile the three sets of data. Up to now this question remained open in all the above cited models, where fits have to be based on the recoil polarization data, practically ignoring the high-Q 2 Rosenbluth data. Much attention in this respect was devoted to the radiative corrections [24] and in particular to the two-photon exchange [25, 26, 27] mechanisms. An approach taking into account the hadronic contribution to the electron structure functions is presented in [28] . A global analysis of the Rosenbluth data [29] found, however, hardly ever evidence for the two-photon exchange effects. We propose, that the physical phenomena responsible for the discrepancy is the soft photon emission, which proceeds differently in different types of experiments.
In Section 3 we argue, that in electron-nucleon scattering, the soft photons that are not detected experimentally can be emitted, and this effect influence the values of the experimentally measured electric and magnetic form factors and their ratios. It is shown that the observables, extracted from the cross sections, depend not only on the Dirac and Pauli form factors, but also on the average number of the photons emitted. This dependence results from the fact [30] , that the Dirac and Pauli form factors contribute to the emission of photons differently. In the polarization transfer experiments only events without photon emission are experimentally possible, because otherwise the photon would carry away the angular momentum and thus prevent the transfer of polarization. Non-polarized electrons in the final states, on the other hand, are inevitably accompanied by soft photon emission. We provide formulas for the observable values in all the three types of experiments.
Section 4 is devoted to the numerical analysis. The joint fits of all experimental data available is performed according to the formulas presented in the previous sections. The agreement between the theory and the experimental data is achieved at the level χ 2 /dof = 0.86. In Section 5 we give our predictions, which can be used for the experimental verification of the model and in Section 6 we summarize our findings.
2 Multipole model for Dirac and Pauli form factors.
Formulation of the model
The main contribution to the dispersion-relation form factors is given by multipole expansion, which accounts for one-meson exchange in the approximation of the narrow meson width. Retaining the isotopic symmetry, the most general structure for the form factors at t = −Q 2 < 0 is:
(1) Here N v and N s are, correspondingly, the numbers of isotriplet and isosinglet poles of the scattering amplitude. The upper and the lower signs correspond to proton and neutron, respectively.
Generally the phenomenology of the dispersion relations allows for the coefficients of the multipole expansions Q p,n (t), µ (an) p,n (t), a s,v(k) (t), b s,v(k) (t) to be slow variable (logarithmic) functions of t. At −t → 0 the limiting values of functions Q p,n (t), µ (an) p,n (t) are equal to the charges and anomalous magnetic moments of nucleons:
The asymptotical behavior of the Dirac and Pauli form factors at −t → ∞ traces back to the results of the per-turbative QCD:
where Λ ≃ 300 MeV is the QCD scale. The exponent p 1 is calculated theoretically and is know with rather good accuracy; the constants C 1p,n are to be evaluated by comparing the experimental data with the parton model [9, 10, 12] . The asymptotic of the Pauli form factor from Eq. (3) and the constants C 2p,n are evaluated in [11] . Another asymptotic is proposed in [12] . The power dependence of the asymptotics in Eq. (3) results from the quark counting rules [31, 9] . Those in turn follow from the analysis of the process with the quark momentum redistribution among the quark and gluon components of the nucleon. The logarithmic functions describe the renormalization of the color charge and the wave functions of the partons. Note, that in the elastic scattering theory the region of the perturbative QCD applicability is estimated differently than in the deep inelastic scattering. We discuss this question in the next paragraph before proceeding with the form factors.
In DIS the perturbative description of the inclusive processes is possible, if for the initial act of the electronparton interaction the inequality |t| ≫ T −2 g is satisfied, with T g ≃ (1.5 GeV) −1 being the correlation length (the characteristic scale) of the nonperturbative gluon fluctuations. In case of the elastic eN −scattering the momentum, transferred to one proton in the initial interaction act, is uniformly distributed among all partons; and in the region of QCD applicability all processes of momentum redistribution must be hard. The number of partons, participating in these processes, is no less than the number of the valent quarks n q = 3, so the perturbative description of the elastic scattering is only justified for |t| ≫ |t QCD |,
2 . Among the experimental data available, only the proton magnetic form factor at |t| = 20 − 30 GeV 2 could probably be compared with the perturbative QCD. However, the very fact that the QCD asymptotics (3) exist is of fundamental importance at discussing the general mathematical structure of the form factors.
The Superconvergence Relations
Thus, multipole form factors (1) must satisfy the asymptotics (3), which automatically include the unitarity conditions. In this way one phenomenologically accounts for the QCD effects at the valence quark level, that is (i) the redistribution of the transferred momentum between quarks, (ii) subsiding of chromodynamical interactions as Q 2 increases, (iii) dependence of parton (valence quark) distribution functions on Q 2 .
There are two ways to satisfy pQCD asymptotics. One can nullify the non-pole terms in the expansion (nullify the so called "nucleon core") and impose the corresponding conditions to each of the coefficients a s,v(k) (t), b s,v(k) (t) by modelling them by pow-low and logarithmic functions. This way is used in Refs. [15, 16] .
Another way is to satisfy the pow-low asymptotics by imposing the "superconvergence relations", as they are referred to in the papers of the Mainz-Bonn-Julich group, over the whole sets of the multipole coefficients, so that they relate parameters of the different poles to each other. The multipole coefficients in these papers are considered as logarithmic functions with the leading logarithms only.
The same approach was taken later by Bratislava group in [32] , who use the term "asymptotic conditions". The logarithmic dependences of the multipole coefficients are, however, ignored in the papers of this group, which makes a good fit of the experimental data difficult.
We implement the latter way and impose the superconvergence relations(SR) on the four sets of our coefficients a s,v(k) (t), b s,v(k) (t). Let us expand Eq.(1) on powers 1/t and nullify the terms of the order t 0 , t −1 for F 1p,n and t 0 , t −1 , t −2 for F 2p,n . Since isovector and isoscalar modes are independent, there are 10 independent SR:
where
(5) The upper and lower signs here correspond to the isoscalar (s) and isovector (v) parts, respectively. The SR (4) and the normalization conditions (2) allow us to attribute the t dependence of the coefficients a s,v(k) (t), b s,v(k) (t) to the four phenomenological logarithmic functions q s,v (t), µ s,v (t) (which do not depend on k) and introduce new parameters
In terms of these parameters the SR are reduced to the following expressions:
The form of the functions q s,v (t) and µ s,v (t) will be discussed in the next subsection and finally given in Eq. (12) .
Notice, that SR (6) are independent of the kinematic variable t, so the valuesã s,v(k) ,b s,v(k) can be considered as numbers. It is also important, that three SR for the parametersb v(k) are only compatible with three or more isovector and isoscalar mesons. Applying SR (6) to the form factors (1) makes the non-pole terms (the first and the second terms) vanish and results in:
Logarithmic corrections
For the logarithmic functions (5) their limit values at −t → 0 can be derived from (2) . Their pQCD asymptotics at −t → ∞ follow from (3):
where C js,v will be derived below and given in Eq. (11) Making an asymptotic expansion of (7) and using (8) one gets at −t → ∞ the following asymptotics of the form factors:
Here we introduced four dimensionless parameters κ js,v (j = 1, 2)
Matching (9) with (3) yields the constants C js,v
Now, that the asymptotics (8) for the logarithmic functions are known, one could try to interpolate them in the whole range of t (A similar approach is used, for example, in Ref. [12] .) As it shown by our numerical experiments, a good agreement with the data can be achieved by making use of the following interpolation formulas:
Parameters h js,v are free fit phenomenological parameters, which correspond to the subleading logarithms in pQCD. Parameters (13) correspond to the leading pQCD logarithms and are expressed according to Eq. (13) via the other fit parameters and constants C 1p,n , C 2p,n , which physically describe the partonic structure of the nucleon. These constants can, in principle, be calculated within pQCD or determined experimentally. If the numerical values of these constants were reliably known, parameters g js,v could be calculated via other fit parameters κ js,v . To date, however, the multipliers in the partonic distribution functions, on which these constants depend, are not yet established, their values in different references vary within a certain ranges. So, the values C 1p,n , C 2p,n are not unambiguously determined. In this situation we use g js,v as free fit parameters. Obtained in this way, these constants must be in agreement with pQCD estimations.
Thus, in the model presented here, all the parameters introduced except h js,v (j=1,2) have a direct physical meaning. The four adjusting parameters h js,v are necessary to tie together the low-and high Q 2 regions.
Vector Dominance model as a simple realization of the multipole expansion
In the vector dominance model the poles of the multipole expansion in t−plane are preset by the masses of vector mesons ρ, ω, φ. The numbers of poles, N v and N s , are the number of isovector (ρ) and isoscalar (ω, φ) mesons, respectively. In most of the earlier papers only three ground states of vector mesons, ρ(770), ω(782) and φ(1020), are taken into account; in some models [15, 16] One could argue, that the photon hadronization mainly proceeds through the vector mesons of the first family and the hadronization amplitudes A(γ * → V * k ) are small for the other families. This is indeed well known and follows from the experimental data on the widthes Γ (V → e − e + ) ∼ |A(V → γ * )| 2 . In the multipole form factors, however, each coefficient of the multipole expansions is proportional to the hadronization amplitude multiplied on the amplitude A(V * k N → N ) of the virtual vector meson absorption by the target nucleon. We define the composite amplitude as
There is no reason to assume the composite amplitude, A k (eN → eN ), to be small, because the small hadronization amplitude could be multiplied on large absorption amplitude. Thus, the composite amplitudes could be comparable for all families. Matching the theoretical model with the experimental data, we will be able to fit the coefficients of the multipole expansion and thus extract information on the composite amplitudes. The SR (6) are formulated for the sum of several multipole coefficients, that is for the whole meson spectrum. For the coefficients b v,s(k) there are three independent SR, which can be satisfied with at least three vector mesons of each type (isovector and isoscalar). Because of these SR, the number of free fit parameters in the model considered can be fewer, than that in the models with truncated spectrum, despite a larger number of mesons.
Another contribution to the nucleon form factors may come from light meson continua. This topic was recently investigated by the Mainz-Bonn-Julich group in Ref. [21, 33, 34, 35] . Within their model with only two-pion continuum [33] , they obtained a good description of the data with the exception of the JLab G Ep /G Mp data. This is resolved in the following paper [35] , where ππ, ρπ and KK contributions are included. As it will be shown in Section 4, in the simplest modification of our model with meson poles only, we reach a similar or even a better level of accuracy for the overall fit. Since the continua give a main contribution at low Q 2 , while our main purpose was to describe all the data and to resolve the discrepancy at high Q 2 , we decided not to complicate our model and leave this topic beyond the scope of our paper. The price for keeping the model simple is its non-sensitivity to the physical effects that are important at low-Q2. In particular, beyond the scope of the model remains discussion on the role of sea quarks in the nucleon and on nucleon radii. Subsequent development of the model by including the meson continua can be a subject of further investigation.
Another non-trivial intriguing questions, widely discussed in QCD, are the nucleon spin structure [36, 37] and nucleon strangness [38, 39, 40] . DIS experiments show us, that quarks carry only a small fraction of the total angular momentum of the proton and strange sea quarks in the proton are strongly polarized opposite to the polarization of the proton. The challenge to understand this nontrivial structure of the proton requires studying the contributions from sea quarks, that is from the meson cloud. The complicated structure of the nucleon should somehow reveal itself also in elastic scattering. It would be reasonable to pose a problem to include these effects in the phenomenological model for elastic scattering. For these one would need to formulate the phenomenological model for the elastic spin structure functions, to introduce elastic strange form factors and also to consider meson cloud contributions. Such a model would contain a large number of free fit parameters, and thus would require more precise experimental data to fit them.
Soft photons
Let us proceed with the puzzling discrepancy between the Rosenbluth and polarization transfer experiments on a proton target. It was found recently, that the two-photon effects calculated within perturbation theory appear to be too small to explain the observed discrepancy [41, 29] . In this situation we propose to search for the effects beyond the perturbation theory, that is to consider the soft bremsstrahlung accompanying the scattering of the charged particles. Notice, that by "soft bremsstrahlung" we refer here to quasiclassical non-perturbative effect. It should be distinguished from the far more known perturbative contribution, the infrared divergency of which cancels the correspondent divergency of the two-photon exchange.
The multiple emission of soft photons in the electronnucleon scattering is a quasi-classical process with a peculiar features due to internal nucleon structure. The incoming electron scatters in a compound field, originated from the nucleon charge (Dirac form factor) and its magnetic moment (Pauli form factor). It was noticed in [30] , that the soft photons are mainly produced in the electric field of the Dirac form factor, while the contribution of Pauli form factor is negligible. This disparity of the two form factors can be also shown by direct calculation of the spectral distribution and the total intensity of the soft bremsstrahlung. This calculation is done in Section 3.1 relying on the calculation method from [42, Problem 1 to §98]. This calculation shows, that two non-interfering fluxes of photons, "electric" and "magnetic" ones, have different spectral functions and different average number of photons. On this grounds we suppose, the soft photon emission beyond the perturbation theory can be taken into account by multiplying the Dirac and Pauli form factors on the corresponding "electric" and "magnetic" emission amplitudes. The corresponding calculations are done in Section 3.2.
In the case of Rosenbluth type experiments, where protons in the final state are not polarized, multiple emission of soft photons is natural and the emission amplitudes are characterised by the average numbers of "electric" and "magnetic" photons. In the polarisation transfer experiments, however, any emitted photon would carry away the angular momentum and thus prevent the transfer of polarization, which would destroy the correlation of the electron and proton polarization vectors. Thus we assume, that in the polarization transfer experiments no soft photon can be emitted.
In Sections 3.3, 3.4 and 3.5 we show that within our model the difference with respect to the multiple emission of the soft photons can be responsible for the observed discrepancy and ensures that the form factors, observed in the beam-target asymmetry experiments are different from those in both the Rosenbluth and polarization transfer experiments.
Dirac and Pauli subsystems in the multiple emission of soft photons
Let us consider the differential cross section of eN scattering at the angle θ with the emission of one photon of frequency ω:
The amplitude F (ξ(θ)) of soft photon emission
was calculated in [42, §98] within perturbation theory and describes the emission a soft photon integrated over the whole range of photon angles. Here ε, and m are correspondingly electron energy and mass. In one-photon approximation it was shown, that the ultrarelativistic electrons are mainly emitted within the angle range
For a nucleon with charge Z and anomalous magnetic moment µ an , the elastic cross section for such small angles is dσ Ros ≈ 4α
The spectral distribution of the soft emission can be obtained by substituting (18) into (16) and integrating over the electron scattering angles. Keeping in mind, that in the region of angles (17) one has ξ ≪ 1 and F (ξ) ≈ (8/3π)ξ 2 , one gets:
According to Eq. (19) soft emission on the proton consist of two subsystems with different intensities and different spectral distributions. The term dσ (Z) ω describes the electric dipole emission, generated in the field of the Dirac form factor; the term dσ (µan) ω describes the magnetic bremsstrahlung in the field of the Pauli form factor. As we have already mentioned, the magnetic bremsstrahlung is strongly suppressed in comparison with the dipole emission:
However, as a matter of principle, each type of emission is experimentally verifiable. Indeed, for the target neutron (Z = 0) only magnetic bremsstrahlung is possible and its characteristics coincide with those for the proton up to a multiplier. Thus, having neutron data, one could differentiate the two subsystems of the soft emission for the proton. Notice also, that the soft photons from different subsystems have different characteristic frequency spacing. This fact can be proved by analyzing the total cross section of the bremsstrahlung σ γ = dσ ω , which can be obtained by integrating (19) over the photon frequencies. The result of integration, as it is conventional in the soft photon theory, depends on two parameters: the minimal ω min and maximal ω max frequencies of the soft emission:
The minimal frequency, ω min , is determined by the accuracy up to which the energies of the initial and final particles are measured by a given detector. The very notion about the soft photons is constrained by the approximate factorization of the scattering amplitude with one photon emission, which is valid only in the low-frequency region. Thus, the maximal frequencies, ω min(Z,µan) , inevitably appear in the soft photon phenomenology as a cut-off parameters governed by the conditions that the photons are soft. It follows from (21) , that σ
γ . Evidently the average numbers of the soft photons emitted in the field of the Pauli and Dirac form factors must satisfy the same inequalityn (µan) <<n (Z) . Besides,
is of logarithmic order, while σ
is of squared logarithmic order. It is natural to suppose, that the average number of photons have correspondingly the same orders of magnituden (µan) ∼ ln ω,n (Z) ∼ ln 2 ω. When the general formula for the average number of the soft photonsn is derived in [42] , § 120, it is shown that the information about the field, in which the soft emission is formed, reveals only in the cut-off parameter ω max . The approximate formula accurate to the logarithm squared is given at the end of § 120 in [42] :
A more accurate expression is obtained recently in [24] . Since the average number of photons emitted in the field of the Dirac form factor is determined with double logarithmic accuracy, the estimate forn (Z) ≡n 1p can be obtained from (22) with ω max(Z) ∼ ε:
Further for numerical calculations, it will be convenient to modify this formula and make it regular at |t| = 0. We will usen
Within the double logarithmic accuracy, Λ γ preserve its meaning as a minimal frequency of the soft emission. When estimating the average number of magneticbremsstrahlung photonsn (µan) ≡n 2N , the cut-off parameter ω max(µan) must be chosen in such a way that the expression (22) turns into logarithm (the squares of the logarithms must be cancelled). This is achieved with ω max(µan) ∼ √ mε:
Thus, for ω max(µan) ∼ √ mε parameter κ is not logarithmically large, so the estimate (25) is in agreement with the expression for σ (µan) γ , given in (21) . Of course, the contribution to κ is also given by sub-leading logarithmic terms, which are not present in (22) and can be found only in more accurate calculations. Further on, however, the only fact important for our consideration is that the average number of electric-dipole soft photons considerably exceeds that of magnetic-bremsstrahlung ones.
How soft photon emission can modify observables
Thus, beyond perturbation theory, the Dirac and Pauli form factors are disparate, which is revealed in Eqs. (20), (26) . Therefore, nonperturbative probability of soft emission cannot be represented as a single multiplier outside the pure elastic Rosenbluth cross section. Since the process under discussion is classic, the soft emission depends not only on the initial and final electron states, but also on the peculiar characteristics of the quasiclassical trajectory. The multiple emission of soft photons at the alteration of electron trajectory proceeds during the period of time τ that is significantly longer that the inverse characteristic photon frequency, ωτ ≫ 1. In this situation, contrary to the one-photon approximation, allowance must be made for the soft emission over large angles. The electron trajectory is formed by the superposition of the electromagnetic fields, generated individually by the Dirac and Pauli form factors, which leads to the two distinct subsystems of the soft photon emission. On the basis of the above qualitative considerations, we put forward the idea, that the Dirac and Pauli scattering amplitudes with emission of n photons differ from the corresponding elastic amplitudes and can be obtained by multiplying those on the two different nonperturbative amplitudes of n soft photon emission A 1N (n), A 2N (n). Modification of the scattering amplitudes leads to the modification of the form factors:
As we discussed earlier, in the polarization transfer experiments only events without real photon emission (n = 0) can contribute. In Rothenbluth experiments, on the contrary, the processes with emission of any number n of soft photons occur. Thus the nonperturbative amplitudes of the soft photon emission are different for these two experiments.
About the photon emission amplitudes A 1N (n), A 2N (n) it is known, that their averaged squares are equal to the corresponding probabilities calculated via the Poisson distributions:
The averaged numbers of the "dipole"typen 1N and "magnetic-bremsstrahlung" typen 2N photons are different and as well depend on the nucleon, in the field of which the emission is formed (target nucleon in our case). For the target proton, photon emission in the short-range Pauli field is negligible in comparison with that in the long-range Dirac field,n 2p ≪n 1p ,n 1p will be give below in Eq. (24) . For the neutron target,n 1n ≪n 1p because the Dirac form factor is small, andn 2n ∼n 2p . For our purposes it would be enough to estimate
Within this assumption, the electric and magnetic form factors of neutron are not modified by the soft photon emission and are given by the standard expressions
So, our model predict that the ratio of the neutron form factors, obtained in different types of experiments must be approximately the same.
Form factors from Rosenbluth scattering
To obtain the proton form factors, let us separate from the Rosenbluth formula the combination of the form factors σ ext (t, θ) which enters the differential cross section
The squares of the form factors are calculated as
(31) In Eqs. (31) there is an interference term of Dirac and Pauli form factors, that is interference of the soft emission of different types. In the first summand of Eq. (30), which gives the dominant contribution to the scattering through small angles, the two interference terms cancel out. Therefore the interference effects would be noticeable only at large scattering angles.
At large t the experimental procedure includes two steps. At the first step the coefficient before the tan 2 (θ/2) is measured and magnetic form factor G (Ros)
Mp (t) is deduced. Having it known and provided that the accuracy of the measurement is high enough, the electric form factor G Ep (t) is extracted. According to this procedure, the experimentally observed values are described by Eqs. (31) , which including interference terms.
The averaged interference terms in the two special cases are
The properties (28) , (32) can be satisfied by choosing the amplitudes in a very simple form
Substituting (33) into (31) yields expressions, which can be further simplified forn 2p ≪n 1p :
The average number of soft photons is given in Eq. (24) . When fitting the experimental data, the minimal frequency Λ γ of the soft emission, according to its physical status, is considered as a free fit parameter.
As one could see the asymmetry in the soft photon emission by Dirac and Pauli form factors considerably modifies (with respect to naive expectations) the relations between the theoretically calculated F 1,2p and experimentally measured G (Ros) E,Mp quantities . One should however remember, that this formulas are only applicable to the Rosenbluth extraction.
Form factors from recoil polarization experiments
In elastic scattering of polarized electrons from a nucleon, the nucleon is transferred a polarization, whose components along (P l ) and perprerdiclular to (P t ) the nucleon momentum are proportional to G 2 M and G E G M , respectively. Such polarization transfer can only proceed without the soft photon emission. Thus, the the Dirac form factor is multiplied by the probability amplitude with zero photons A 1p (0) = e −n1p/2 (only one nonzero term remains in the whole sum). The modification of Pauli form factor is negligible (within the accuracy of our consideration).
As a result, the experimentally measured ratio
is proportional to the ratio of the form factors, which can be calculated as
. (36) with the Dirac and Pauli form factors, defined differently from the naive expectation as well as from (35).
Form factors from beam-target asymmetry
Another type of experiments is scattering of a polarized electron against a polarized target nucleon. With the target polarization axis in the scattering plane and perpendicular to the momentum transfer q, the asymmetry A T L (the difference of the cross sections for opposite electron beam helicities) is proportional to G E G M . With the target polarization axis in the scattering plane and parallel to q, the asymmetry A T is proportional to G 2 M . Experimentally measured is the ratio:
In such experiments the final state is inclusive, so the soft photon emission is possible, like in Rosenbluth scattering. The value G E G M must be calculated as follows
and G 
is defined differently from (36) as well as from (35).
Recap
Let us shortly summarize the results if this section. To interpret experimental data from different kinds of experiments, different expressions for the form factors must be used. All the data can be physically and mathematically described with the same theoretically defined form factors Jones et al. [64] described by Eqs. (7) with the four phenomenological logarithmic functions q s,v , µ s,v given in (12) . The pole positions m ρ,ω,φ were taken as masses of vector mesons from PDG [43] . Parameters p 1 , p 2 in these functions are calculated according to (3) with the effective number of quark flavors being given by interpolation formula
where m s ≈ 0.15 GeV and m c ≈ 1.5 GeV are masses of strange and charmed quarks correspondingly. The form factors in Rosenbluth experiments and the ratio in polarization experiments are determined in Eqs. (34) , (36) with the averaged number of the emitted soft photons from (24) . In the model under consideration the coefficients of the multipole expansions obey the SR (6) and, thus, not all of them are free fit parameters. In the isovector sector from N v parametersã v(k) , which satisfy two SR, and N v [89, 90, 91] parametersb v(k) , which satisfy three SR, 2N v − 5 parameters are independent. In the isoscalar sector one ends up analogically with 2N s − 5 independent free parameters. The model contains 10 more parameters: 9 in the logarithmic functions (12) and 1 in Eq. (24) for the average number of soft photons. The status of g 1,2s,v and h 1,2(s,v) was discussed in subsection 2.3, Λ approximately equals the QCD scale and Λ γ is a minimal frequency of soft photon emission.
As we have already mentioned, to satisfy three of the introduced SR, at least three vector meson families are to be considered. Below we describe the fit obtained in the framework of the simplest modification of our model with N v = 3 and the isovector poles identified with the squared ρ−meson masses. In this model all the three parameters b v(k) ≡b ρ(k) are fixed by the SR and not fitted. Three parametersã v(k) ≡ã ρ(k) satisfy two SR, so only one of them is independent. It is chosen as κ 1v , introduced in (10).
In this simplest modification only three ω mesons are taken into account in the isoscalar sector and φ-mesons are neglected. Such simplification is physically justified because the eN interaction through the φ mesons contributes only little to the structure of the form factors. Indeed, for the ideal singlet-octet mixing the φ mesons consist of two strange quarks φ =ss, and thus interact only with the virtual strange component of the nucleon, which is insignificant for the nucleon structure. Deviations from the ideal mixing are suppressed by small parameters. To the zeroth order on these parameters, interactions of φ mesons with ud− component of the nucleon are negligible. After excluding φ mesons from the isoscalar sector of the model, parametersb s(k) =b ω(k) are fixed by the three SR and among three parametersã s(k) =ã ω(k) only one is independent. It is chosen as κ 1s from Eq. (10) .
This simplest modification of the model without φ mesons is used for the preliminary joined fit of the Rosenbluth and polarization data. There are 12 fit parameters common for the 5 sets of data. The result of the fit is shown in Figs. 1-4 , the accuracy of the fit being χ 2 /dof = 0.86. The parameters of the model, obtained in our fit are: The errors are hard to estimate due to nonlinearity of the problem.
An attempt to improve this fit by including φ-mesons (of all the three generations considered here) leads to a better accuracy of the fit, χ 2 /dof = 0.81. Keeping in mind, however, that there are additional 6 fit parameters for this case (threeã s and threeb s ), this improvement of accuracy does not look significant. In any case, the difference between the curves for the cases with and without φ−mesons is hardly noticeable. For this reason we prefer to leave the detailed discussion of the φ−meson contribution for further investigation.
Predictions
In this section we shortly summarize the predictions of our model, which in principle can be tested experimentally.
1. For proton the formulas for experimentally measured electric and magnetic form factors and their ratios are different for Rosenbluth (see Eq. (34), (35)), polarization (see Eqs. (36)) and beam-target asymmetry (see Eq. (39)) experiments. The ratios are shown in Fig. 2 . They satisfy the inequality
2. Rothenbluth electric form factor of the proton does not goes to zero, the ratio of the form factors grows with increasing Q 2 . The ratio, measured in the polarization transfer experiments, crosses zero at Q 2 ∼ 9−10 GeV 2 . The ratio, measured in the beam-target asymmetry experiments, crosses zero at Q 
Conclusions
Thus, we propose an interpretation of the electromagnetic nucleon form factors on the basis of the following physical conceptions:
explicitly given in the following equations: 
